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Preface
Fiber-wireless (FiWi) access networks may be viewed as the endgame of broadband access. FiWi access networks aim at leveraging on the respective strengths of emerging next-generation optical fiber and wireless access technologies and smartly merging them into future-proof broadband solutions. Currently, many research efforts in industry, academia, and various standardization bodies focus on the design and development of next-generation broadband access networks, ranging from short-term evolutionary next-generation passive optical networks with coexistence requirements with installed fiber infrastructures, so-called NG-PON1, to mid-term revolutionary disruptive optical access network architectures without any coexistence requirements, also known as NG-PON2, all the way to 4G mobile WiMAX and cellular long term evolution (LTE) radio access networks. To deliver peak data rates of up to 200 Mb/s per user and realize what some people refer to as the vision of complete fixed-mobile convergence (Ali et al. [2010] ) it is crucial to replace today's legacy circuit-switched wireline and microwave backhaul technologies with integrated FiWi broadband access networks. To unleash the full potential of FiWi access networks, emerging optical and wireless access network technologies have to be truly integrated at the physical, data link, network, and/or service layers instead of simply mixing and matching them. An interesting example of integrated FiWi access networks is the use of orthogonal frequency division multiplexing (OFDM), which has been successfully deployed in wireless networks but is only recently making its way into PONs, not only to provide a number of desirable characteristics, e.g., increased aggregate bandwidth, scalability, longer reach, lower equipment cost/complexity, and lower power consumption, but also to enable the convergence of a wide range of diverse broadband access technologies, including GPON, EPON, WiMAX, LTE, HFC, and xDSL (Kanonakis et al. [2010 ], Milosavljevic et al. [2010 ). This book comprehensively describes the state of the art and latest developments of FiWi access networks from a multitude of perspectives. It starts out with introducing the new definition of the term broadband as outlined by the FCC in its latest broadband deployment report released on July 20, 2010, and then elaborates on the economic impact of broadband access on individuals and enterprises and society at large. Next, we highlight the major findings of OECD's latest report on broadband coverage, taking into account the most important wireline and wireless broadband technologies such as xDSL, cable modem, fiber-to-the-home/building (FTTH/B), broadband over power line (BPL), satellite, etc. After describing current broadband deployments across OECD countries, we summarize recent trends and discuss which broadband access www.cambridge.org © in this web service Cambridge University Press Cambridge University Press 978-1-107-00322-4 -FiWi Access Networks Martin Maier and Navid Ghazisaidi Frontmatter More information xx Preface technologies will play an increasingly important role over the next couple of decades and which won't. The second part of the introduction reviews the most important fixed wireline as well as fixed and mobile wireless legacy broadband technologies, including free space optics and UMTS among others, and discusses their pros and cons.
The second and third parts of the book are intended to set the stage and explain the technical details of state-of-the-art fiber and wireless access networks, respectively. More precisely, Part II describes at length both GPON and EPON and introduces the most promising NG-PON1 and NG-PON2 candidates such as XG-PON, long-reach and wavelength division multiplexing (WDM) PON, optical code division multiple access (OCDMA) PON, and OFDMA PON. Part III provides the reader with in-depth information about the latest developments of WiFi, WiMAX, LTE, and wireless mesh networks.
The fourth and final part of the book is dedicated to FiWi access networks. In Part IV, we first elaborate on the difference between conventional radio-over-fiber (RoF) and so-called radio-and-fiber (R&F) networks and their underlying enabling technologies. To learn about their technological maturity and better understand their respective shortcomings, we report on state-of-the-art RoF and R&F testbeds and identify remaining challenges and open issues. We survey previously proposed FiWi access network architectures, ranging from moving cellular network to SuperMAN architectures, and then delve into the technical details of FiWi access networks. We investigate various network planning and reconfiguration techniques to optimize the placement of optical network units (ONUs) and inter-ONU communications. Furthermore, we perform a comparative techno-economic analysis of EPON and WiMAX, which are two key building blocks of FiWi access networks, and investigate their performance for urban, suburban, and rural areas. We look into how and to what extent network coding can be exploited to enhance the performance of NG-PONs and FiWi access networks. Another interesting aspect of bimodal FiWi access networks is their capability to reroute traffic through a wireless mesh front-end in order to improve their survivability. Toward this end, we study the merits and limitations of optical and wireless protection schemes by means of probabilistic analysis for various failure scenarios. In next-generation wireless local area networks (WLANs), frame aggregation is the major performance enhancing mechanism at the medium access control (MAC) sublayer. To further improve the performance of WLAN-based FiWi access networks, we examine novel hierarchical frame aggregation techniques, which are particularly beneficial in carrying video traffic more efficiently. We describe the state of the art of wireless and integrated routing algorithms that aim at optimizing the performance of FiWi access networks in terms of delay, throughput, packet loss, load balancing, and other important metrics such as path availability and power consumption. In addition, we elaborate on various techniques to provide service differentiation and end-to-end QoS continuity across the optical-wireless interface of FiWi access networks. Finally, we would like to point the interested reader to new exciting opportunities of adopting FiWi broadband access networks in other relevant economic sectors such as energy and transportation in order to convert the traditional electric power grid, the largest man-made CO 2 emission source, into the future smart grid and thereby enhance the efficiency of energy use and achieve a dramatically increased overall CO 2 reduction across different sectors.
